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15  Supplementary  Notes 

THIS  REPORT  REPRESENTS  A  REFINEMENT  OF  A  PREVIOUS  FEASIBILITY  STUDY  PUBLISHED  IN 
REPORT  NO.  CG-D-33-83  (NAVSEACOMBATSYSENGSTA  REPORT  NO.  60-111). 


THIS  REPORT  DESCRIBES  THE  FEASIBILITY  STUDY  OF  A  HIGH  SPEED  PLANING  CRAFT  DESIGNED  1 

AS  A  POSSIBLE  REPLACEMENT  FOR  THE  CURRENT  FLEET  OF  U.  S.  COAST  GUARD  82'  AND  95' 
PATROL  BOATS.  THIS  CRAFT  WAS  DESIGNED  BY  THE  COMBATANT  CRAFT  ENGINEERING  DEPARTMENT,  ' 
NAVAL  SEA  COMBAT  SYSTEMS  ENGINEERING  STATION,  NORFOLK  FOR  CLOSE  TO  SHORE,  SEA  STATE  ! 
3-5,  HIGH  SPEED  OPERATION,  WITH  THE  CAPABILITY  FOR  A  FIVE-DAY  MISSION.  THE  CRAFT  I 

SLY-! OPED  IS  A  120  FOOT,  139  LONG  TON,  HARD  CHINE  VESSEL,  AND  IS  CAPABLE  OF  A  SUS-  1 

TAIN;!:  SPEED  OF  33  KNOTS  IN  CALM  WATER. 

THi  HU!  L  FORM  FOR  THIS  CRAFT  WAS  DERIVED  FROM  INFORMATION  OBTAINED  FORM  AN  EXTENSIVE 
; HI  !  mNP  MODEL  SCALE  TEST  PROGRAM  CONDUCTED  ON  THE  CPIC-X  PROTOTYPE  CRAFT,  AND  FROM  ! 
‘  VA!  * -AT. 'ON  OF  OTHER  SMALL  PLANING  COMBATNAT  CRAFT  TESTED  AND  OPERATED  BY  THE  U.  S. 

VAV  i .  CAt  C'JLAT IONS  AND  ESTIMATES  WERE  PERFORMED  USING  THE  TECHNIQUES  AND  INFORMATION 
R'-JTINEI  Y  EMPLOYED  FOR  SIMILAR  CRAFT  FOR  THE  U.  S.  NAVY,  INCLUDING  PHFMOPT ,  A  PLANING 
HUE!  FEASIBILITY  DESIGN  PROGRAM. 
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ADMINISTRATIVE  INFORMATION 


This  study  was  initiated  by  the  United  States  loast  Guard,  Office  of 
Research  and  Development,  Marine  Technology  Division  (G-DMT-2/54)  as  part  of 
the  Advanced  Marine  Vehicle  Program.  Work  was  carried  out  under  MIPR  Number 
DTCG23-84-F -20050. 


INTRODUCTION 


This  report  describes  the  feasibility  study  of  a  iiign  speea  planing  craft 
designed  to  replace  the  current  fleet  of  United  States  Coast  Guard  G2  '  and  9a1 
Patrol  Boats.  This  craft  was  designed  by  the  Conibatant  Craft  Engineering 
Department,  Naval  Sea  Combat  Systems  Engineering  Station,  Norfolk  for  close  to 
shore,  sea  state  3-5,  high  speed  operation,  with  the  capability  for  a  five-day 
mission.  The  craft  developed  is  a  120  foot,  139  long  ton,  hard  chine  vessel, 
and  is  capable  of  a  sustained  speed  of  33  knots  in  calm  water. 

The  hull  form  for  this  craft  was  derived  from  information  obtained  from  an 
extensive  full  and  model  scale  test  program  conducted  on  the  CPIC-X  prototype 
craft,  and  from  evaluation  of  other  small,  planing,  combatant  craft  tested  and 
operated  by  the  U.  S.  Navy.  Calculations  and  estimates  were  performed  using 
the  techniques  and  information  routinely  employed  for  s i mi  1 i ar  craft  for  t he 
U.  S.  Navy,  including  t he  feasibility  study  program.described  in  Reference  (1). 


MISSION  REQUIREMENTS  ANU  DESIGN  GUIDELINES 


The  following  mission  requirements  and  guidelines  were  provided 
Coast  Guard  for  the  proposed  craft: 

A.  Mission  Requirements: 


1 .  Primary  Missions 

a.  Enforcement  of  Laws  and  Treaties 

b.  Search  and  Rescue 

c.  Military  Preparedness 

d.  Port  and  Environmental  Safety 

2.  Secondary  Missions 

a.  Short  Range  Aids  to  Navigation 

b.  Marine  Environmental  Response 

B.  Design  Guidelines 

1.  Arrangement  and  Equipment 

a.  5.4  Meter  Rigid  Inflatable  Boat  (RIB)  w/70  hp  Outboard 

b.  Powered  Davit  w/Two  Sided  Launch 

c.  Towing  Bitt  and  Line  for  500  Long  Ton  Vessel 

d.  One  25  mm  Gun  w/2000  Rounds 

e.  Two  .50  Caliber  MG  w/4000  Rounds 

2.  Speed/Sea  State 

a.  Hot  Pursuit  combined  with  fuel  economy 

b.  10  Knot  patrol  speed  minimum 

c.  20  Knots  continuous/Sea  State  3  minimum 

d.  26  Knots  continuous/Sea  State  3  preferred 

3.  Endurance 

a.  5  day  mission 

M)  24  Hrs.  20  Knots  minimum 

(2)  9o  Hrs.  at  10  knots  minimum 

(3)  10%  Reserve  fuel 

4.  Operating  Environment 

a.  90%  of  operation  south  of  3o°N  (No  ice  capability) 

b.  Within  300  miles  of  land 


Comp  lenient 


a.  2  Officers 
D.  2  CPOs 

c .  12  Enl i sted 

d.  2  Spares 

6.  Gesired  Design  Features 

a.  USN  Criteria  for  Intact  and  Damaged  Stability 
o.  Anchoring  Capability 

c.  Refueling  at  Sea  Capability 

d.  Proven  System  for  deducing  Motion 


7.  Given  heights 


a. 

Group  4 

2.0 

lt 

b. 

Group  7 

2.5 

l  r 

c . 

Potab 1 e  Water 

4.5 

LT 

d. 

Crew  and  Effects 

3.0 

u 

e. 

Stores 

2.5 

Lf 

VEHICLE  DESCRIPTION  AND  CHARACTERISTICS 


The  craft  developed  to  meet  the  Coast  board  requirements  is  a  derivative 
of  the  two  patrol  boats  described  in  Reference  (2):  one  was  110  feet  LOA  with 
a  26.3  foot  beam,  and  the  other  was  125  feet  LOA,  with  a  23  foot  beam.  It  was 
decided  to  choose  a  length  of  120  feet  to  combine  the  better  powering  and 
seakeeping  characteristics  of  the  longer  boat  with  a  24  foot  Deam  to  improve 
its  arrangements  and  stability.  In  many  ways,  the  chosen  null  size  combines 
the  best  characteristics  of  both  hull  forms.  Table  1  gives  tne  craft's 
principal  characteristics. 

The  craft's  deep-vee,  double-chine  hull  form  is  the  most  suitable  for  high 
speed  operation  in  a  seaway  and  is  similar  to  those  developed  in  Reference 
(2).  The  hull  form  is  a  derivative  of  the  proven  CPJC-X,  and  is  depictea  in 
Figures  1  and  2,  the  Body  Plan  and  Lines  Plan  respectively.  The  null  is 
longitudinally  framed  and  constructed  entirely  of  aluminum  alloy.  Armament 
consists  of  50  cal.  machine  guns,  which  can  be  mounted  on  the  several  stations 
provided,  a  25  mm  gun,  and  small  arms  as  required. 

Propulsion  is  provided  by  twin  MTU  16V538TB92  engines,  which  are  noted  for 
their  reliability  and  high  power-to-weight  ratio.  Each  engine  is  capable  of 
up  to  4080  horsepower  intermittently,  and  3410  horsepower  continuously.  The 
craft  is  driven  through  a  reversing  reduction  gear  by  a  fixed  pitch  propeller. 

Engine  exhaust  is  through  the  transom  instead  of  stacks.  Tin's  will  be 
acceptable  because  of  the  relatively  short  length  of  exhaust  pipe,  and  removes 
the  undesirable  main  deck  arrangements  necessitated  by  the  stacks  on  the 
previous  designs.  Figure  3  is  the  Outboard  Profile  and  Main  Deck  Arrangement. 

The  craft  is  capable  of  pilot  house  control  of  all  systems.  Bridge  wing 
controllers  are  provided  for  rudder  and  throttle  functions.  There  is  an 
Engineer's  Operating  Station  (EOS)  located  in  tiie  forward  end  of  the  engine 
room  which  is  used  for  monitoring  all  inecnanical  systems  in  an  air 
conditioned,  soundproof  environment.  Habitability  is  enhanced  with  four  crew 
berthing  compartments,  all  located  as  far  aft  in  the  hull  as  possible. 
Officer  berthing,  and  the  galley  and  mess  deck  are  located  in  the  deck  house 
to  minimize  unnecessary  traffic  through  berthing  areas. 


Fable  1.  130'  wPBX  Principal  Character i st ics 
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remjth  U. era  11  . 

Waterline  . 

Beam  Max  i  muni  . 

Beni  Waterline  . 

Draft,  full  load  . 

Draft,  navigational  . 

Displacement,  -  full  load  . 

-  1 i ght  ship  . 

Maximum  Speed  (full  load,  calm  water) 

Range  (full  load)  -  10  Knots  . 

-  33.3  Knots  . 


Endurance  . 

Fuel  Capacity  . 

Potable  Water  Capacity  . 

Crew  -  Officers  . 

-  CPOs  . 

-  Enlisted  . 

Propulsion  Machinery  -  Twin  MTU  1 6 V538TB92  Marine  Diesels 

-  KSSbO  Reverse/Reduction  Gear 

-  Twin  Fixed  Pitch  Propellers 


Generators  ------  two  DUAL)  4V71,  100  kW  each 

Armament :  b-50  Caliber  Pintle  Mounts 

1  -Zb  lam  Gun 
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Electronics : 


UHF,  VHF  and  HF  Radios  and  Direction  Finders 
Navigation  Receivers 
Navigation  Radars 
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WEIGHT  BREAKDOWN 


Weights  for  the  craft,  in  most  cases,  have  ueen  estimated  f rod.  actual 
weights  of  similiar  ships  previously  constructed  and  then  adjusted  tu  reflect 
differences  between  this  boat  and  the  prior  ones.  Some  major  weights,  tor 
example  those  of  trie  main  engines,  aluminum  structure  and  military  payload, 
were  either  known  values  or  calculated  directly.  The  weight  breakdown  for  trie- 
pat  ro  1  boat  is  given  in  Table  2  for  both  full  load  anu  minimum  operating 
cond it  ions. 

Although  the  total  weight  of  tne  craft  is  similiar  to  tnat  reported  fur 
tiie  boats  in  Reference  (2),  some  weight  groups  are  considerably  different  and 
must  be  explained.  The  small  differences  in  engine  and  electrical  weights, 
groups  2  and  3,  are  due  to  more  refined  estimates  based  on  tne  actual 
equipment  tnat  will  be  installed.  The  we i gut  of  groups  b  and  o,  however,  is 
greater  than  that  previously  reported  based  on  some  furtner  research  into  the 
present  95'  and  S2‘  Coast  Guard  Patrol  Boats.  Tne  group  /  weight  is 
considerably  less  in  this  design  because  of  the  deletion  of  tne  EMERlEI  2b  mm 
gun.  Tiie  fuel  weight  is  also  less  because  of  more  refined  estimates  of  fuel 
consumption.  Finally,  the  margin  has  been  increased  to  ldv»  of  the  light  ship 
we  i  gnt . 
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DESeKlPT ION 

Structure 

Propulsion  Systems 

Electrical  Systems 

Command  and  Surveillance 
auxiliary  Systems 

Outfit  and  Furnishings 

Combat  Systems 

rtL  I  or,  i 

POJNUS 

D  7,24/ 

1 4 ,  bod 

4,4su 

3u, 3s4 

D,boo 

• 

Liyht  Snip  w/o  Mary  in 

Margin,  10 

Light  Ship  w/Maryin 

7  1  o ,  1  -  ■, 

3 1.62 

237,  1  • 

LO/'.D  I  TEM 

WEIGHT,  FULL  LOAD 

WEIGHT,  MIN  UP 

POUNDS 

Pounds 

m 

(.rt'iv  and  Effects 

6,720.0 

6,720.0 

Fuel 

51,137.0 

17,029.0 

Putable  Water 

10,060.0 

6, 720.0 

Stores 

5,600.0 

1 ,366.5 

fi 

Total,  Loads 

73, 537. 0 

32 , 33d. 5 

TU7AL,  Liyht  Ship 
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bPE  E  'j/  PuvJEr  L  .  i  .  In  I  L 

The  techniques  used  to  predict  tne  res  1st  am..  ,  .%.->•  r..,  •  ■  , , .  . .  .  i  i.ts 

for  this  craft  have  been  used  by  tne  Uic.batuiit  r  ;r  t  -.r^  r  '  •  .•••purt:i,«-nt 
for  a  number  of  years,  and  have  produced  au  j.  too  -•  ;  i  •  1 1  ••  ’  ■  u  jtt  ...» 

this  type.  Bare  hull  resistance  was  est  imuted  f  r  . :  ,  - .j  _>nip 

Research  and  Development  Center  \U1SNRDC;  U  rn  ■.  o.  1  .  i  •.  o  ~  i  Un  iny 

hull  data  published  in  Reference  (J).  The  appendage  j--:„  :  •.  •  t  -t-  :  .e:, 

the  methods  described  oy  Blount  ana  Fux  in  Referent'-  .  •  .  It...  ..  ;  .  ... ,  at  ; n  .f 

added  resistance  in  waves  was  based  on  boggard's  :•.»  ter'ent.  .  s ,.  'm 

propeller  selection  was  based  on  tne  Gawn-uurr  i  i  1  set  it  s,  ■■■  ;.  uni  ,  ,,  .  ing 
the  thrust  deduction  factors  from  Reference  \!).  >■  1  •.»i-M'  f  .  j  t  naeiv 

cavitation  was  considered  acceptable. 

Figure  4  shows  the  predicted  full  load  resistance  n.  .’in  tail  wotet  and 
sea  state  6.  There  is  little  increase  in  resistance  in  .vivas.  Figure  o  is  a 
graph  of  brake  horsepower  (BMP)  vs.  speed,  also  for  Culm  water  ami  Sea  state  b. 
Figure  &  shows  the  speed  degradation  in  waves,  assuring  constant  power  is 
available  throughout  the  range.  The  speeds  attainable  with  ine  installed 
engines  are  discussed  below. 
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RESISTANCE  vs.  SPEED 

120'  WPBX 


BRAKEHORSEPOWER,x  10' 


BRAKEHORSEPOWER  vs.  SPEED 

120'  WPBX 


SPEED,  knots 


6820  BHP 


267  BHP 


SEA  STATE 


SPEED  DEGRADATION 
DUE  TO  SEA  STATE 

120'  WPBX 


ACCELERATION  AND  RIDE  QUAL I T Y 


Accelerations  for  both  craft  were  calculated  using  equations  presentee  Hi 
Reference  (8).  These  accelerations  are  plotted  in  Figures  /  and  j.  uotii 
graphs  indicate  that  the  craft  would  experience  relatively  low  accelerations 
for  a  planing  (lull  at  high  speeds,  but  the  accelerations  are  still  higher  than 
those  that  would  be  experienced  by  a  di sp  1  acement  craft  going  at  a  luwer 
speed,  Reference  (9).  During  periods  of  pursuit  in  rough  seas  t tie  crew  may 
not  be  able  to  function  fully.  With  a  smootner  riding  null,  trie  longer 
transit  times  will  lead  to  motion  sickness,  even  though  the  motions  are  less. 

There  are  presently  two  criteria  for  predicting  ride  quality.  The  first 
of  these  is  a  rule  of  thumb  approach  that  can  be  used  as  a  comparison  between 
different  craft.  Here,  the  speed  required  to  produce  a  0.4  j  significant 
acceleration  is  predicted  for  increasing  sea  states.  Figure  9.  Tne  second 
criterion  requires  the  calculation  of  the  maximum  value  of  tne  1/3  RMS  center 
of  gravity  accelerations  from  those  previously  calculated.  These  are  plotted 
ayainst  their  center  frequency,  and  the  likelihood  of  motion  sickness.  Figure 
10. 


Figures  11  and  12  are  indications  of  tne  maximum  roll  and  piten  that  can 
be  expected  from  the  craft.  Ihese  figures  were  taken  from  actual  CP1C  full 
scale  trial  data,  and  it  is  expected  that  this  craft  would  experience  lower 
motions  than  shown  here  due  to  its  larger  weight  and  added  mass. 


ACCELERATION  AT  CG,  g's(  ‘/3  HIGHEST) 


139  TON  DISPLACEMENT 


ACCELERATION  AT  CG  vs.  SPEED 

120'  WPBX 


ACCELERATION  AT  BOW,  g  s  (  \Q  I1IGML  S  T  ) 


ACCELERATION  AT  BOW  vs.  SPEED 

120'  WPBX 


VERTICAL  ACCELERATION  (q's),  RMS 


CENTER  FREQUENCY  OF  THIRD 
OCTAVE  BAND, Hr 


39  TON  DISPLACEMENT 


-'•j  Sea  State  3,  H  1/3  -  46 
S3  Sea  State  5,  H  1/3  =  12  O' 
M  -  Knots 


MOTION  SICKNESS  PREDICTION 


120'  WPBX 


ROLL  vs.  SPEED 

95*  CPIC 


T  i  ME  ,  hours 


FUEL  CONSUMPTION  vs.  TIME 

120'  WPBX 


BASED  ON  BRUEQUET  FORMULA 
AVERAGE  DISPLACEMENT  =  128. 2T 
CALM  WATER 


T  '  1 - 1 - 1 - 1 - I - T 

5  20  25  3C  35  40 


SPE  E  C .  Knots 


RANGE  vs.  SPEED 

120'  WPBX 


ENDURANCE  ,  hours 


ENDURANCE  vs.  SPEED 

120'  WPBX 


bOO  IOOO  :500  2000 

ENGINE  RPM 


POWER/FUEL  CONSUMPTION  CURVES 

I6V538TB92 


H  u L  STRUCTUKl 


The  hull  m  iter  i  a  i  c nosen  is  aluminum  alloy.  1ms  nas  pt  c-tefi  eu  c.  w:  steel 
construction  jo  cause  of  the  required  high  performance  of  tne  craft.  Tne  niyu 
structural  weight  of  steel  was  traded  for  Heavier  engine  >  of  u  Higher 

horsepower  and  for  the  ability  to  carry  more  fuel. 

The  particular  alloy,  5036,  was  chosen  iur  its  ease  .f  t j:  r i cut i on, 

maintainability,  availability  and  corrosion  resistance.  Tne  n'.jy  n,  ivuoily 
available,  and  is  the  one  usually  specified  for  marine  applications. 

Watertight  bulkheads  are  also  of  aluminum.  Fney  are  specifically  located 
so  as  to  allow  trie  craft  to  meet  the  d.  b.  f.avy  criteria  to  permit  tne 
flooding  of  two  adjacent  compartments,  with  no  specified  iengtn  of  damage, 
without  immersing  the  margin  'line  located  3  inches  b«-luw  tne  main  deer  at  side. 

Major  girders  are  provided  in  botn  tne  bottom  and  main  deco,  for 

longitudinal  bending  strength.  A  typical  midship  section  for  a  craft  of  this 
size  and  type  is  shown  in  Figure  13.  Some  scantlings  are  exacted  to  chanye 
slightly  as  the  design  is  developed. 

This  midships  section  was  designed  to  a  bending  moment  of  lb,UUU 
foot-tons,  using  the  method  of  Heller  and  Jasper,  keference  (11),  witn  a  bCT* 
midship  moment  reduction  as  recommended  by  Allen  ana  Jones,  Reference  (13). 
The  maximum  accelerations  assumed  were  1.5  g's  at  the  center  of  gravity,  and  6 
g's  at  the  bow.  These  are  both  considered  tne  maximum  accelerations  that 
might  be  anticipated  in  the  life  of  the  craft. 
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PROPULSION  SYSTEM 


Propulsion  power  for  this  craft  is  provided  by  twin  MTU  1  bVu38Tb-y<_'  diesel 
engines  driving  twin  propellers  through  KSS  reduction  gears.  The  ratings  of 
this  engine,  and  the  speeds  provided  in  calm  water  are  shown  in  Table  3. 

The  drive  train  uses  fixed  pitch  propellers,  but  if  it  is  found  as  the 
design  progresses  that  controllable  pitch  propellers  will  be  more  effective 
for  the  craft's  expected  mission  scenarios,  they  will  De  recommended  for 
inclusion. 


Table  3.  Speed  At  Various  Engine  Ratings 


Total  BHP 

Rati ng 

Speed,  knots 

6820 

Continuous 

33 .3 

7540 

2  hours  every  12 

35.1 

8160 

1/2  hour  every  24 
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f  t  • .  ;ct  all  of  the  applicable  -.td-.G  ird-,  t  „  on  ti.  full  iim  and 

operating  condition..  Ine  result:  ut  timse  c  j  leu  lut  Sen:  ar.r 
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1  tact  i  ,’j  1 1  a.;  ic  k  t  a  u  i  illy 

•.  >tudy  cl  intact  uynai.ii  -lability  was  conducted  for  the  ■  .ft  in  hutn 
f.,1  i  load  and  at  ini  mum  open  itiny  conditions.  oiese  calculations  measure 
iL'iity  sf  the  craft  to  .  .ml  neohng  c  ia-,ed  by  on  external  source,  in 
particular  case  a  beam  wii.i  if  70  knots.  <\du i t  i ona lly ,  as  a  measure  or 
rat  t '  s  .m  i  i  i  ty  to  resist  roiling  due  t  /.  a v  -  action,  the  m  m  rgy  available 
■sist  a  roll  to  windward  im.nt  exceed  the  energy  stored  in  a  kb  degrees 
to  leeward  Dy  40  percent.  4s  a  margin  tur  gusts  and  inaccuracies  in 
pliers  and  as  an  indication  jf  the  sit -mate  stability  of  tn-  vessel,  the 
if.  o  an:.  ,st  the  angle  of  nee  i  is  mined  by  in..-  ..raft  cast  he  no  more  than  bU 
ni  ut  the  -.axil  .urn  a.  a  i  lab  !e. 


*  ■■  result,  shown  in  -  igures  ro  and  .’  I ,  i .  that  tne  cutter  satisfies  all 
ie  appl  ic  able  criter  i  a.  Tor  tins  type  ut  ..raft,  tne  n i n  i mum  operating 
1 1  on  is  th“  most  critial,  but  there  i  ■'  .  iff  ic  i  •  •  n  t.  i. ary  in  even  in  tnis 

t;on  tn  allow  for  roe  .on  it.  le  ,\G  .growth. 

'H.'iyed  stability 


i  investigation  of  the  craft's  daa.a jed  stability  ,vi>  conducted  for  Potii 
full  load  and  minimum  operating  conai tii ns.  Inese  ca leu  1  at  ions  are  a 
r-.'  of  tne  craft's  anility  to  surviv-  u'tnr  r-.  oo  i  v  i  ny  Gai!i.ye  from  an 
v  i  semce.  The  appl  i  cable  standard  for  this  craft  is  tnat  it  be  able  tn 
v'  my  combination  of  flooding  involvii  •,  tn..-  1  j>s  if  c.ne  ain  transverse 
"id .  additional  iy,  a  wine  heeling  moment  aust  be  impose.!  on  the  craft, 
w  •  od  velocity  varies  with  the  size  of  if  a  vessel ,  m  tnis  case  oJ  knots 
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!  A  -  DISPLACEMENT  IN  LONG  TONS 
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HEELING,  RIGHTING  ARM,  ft 


HEEL  ANGLE  ,  deg. 


70  KNOT  BEAM  WIND 
,39  TON  DISPLACEMENT 
8.10  FOOT  K  3 


ANGLE  3F  HEEL  =  91’  <  '5°  SATISFIED 

RIGHTING  ARM  AT  INTERSECTION  _  107  .  3g  <  ^  rATiSF,En 
MAX  PiGHT.NG  ARM  “  3  GO 


.  R  F  A  _A' 

•  '  A  1? 


,  4  G  A"r :  Sf  E 


DYNAMIC  STABILITY  ANALYSIS 
FULL  LOAD  CONDITION 

:20'  WPBX 


HEEL  ANGLE,  deg. 


70  KNOT  BEAM  WIND 
121  TON  DISPLACEMENT 
8  68  FOOT  KG 


RITERIA 


)  ANGLE  OF  HEEL  =  11.5°  <  15°  SATISFIED 
2)  RIGHTING  ARM  AT  INTERSECTION  _  l_28 
MAX  RIGHTING  ARM  '  2  70 


=  .47  <  6  SATISFIED 


3)  AREA  A| 
AREA  A2 


>  I  4  SATISFIED 


DYNAMIC  STABILITY  ANALYSIS 
MIN.  OP  CONDITION 

120'  WPBX 


AUXILIARY  SYSTEMS 


« 
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The  following  major  auxiliary  systems  are  to  be  pro video: 

1.  Heating,  Ventilating,  and  Air  Conditioning. 

2.  Roll  Stabi 1 ization 

j.  Environmental  Control  and  Sanitation 

4.  Potable  Water 

5.  Fuel 

6.  Steering 

1.  Fire  Protection 

8.  Towing 

9.  Boat  Handling 

Heating,  Ventilating,  and  Air  Conditioning 

All  of  the  enclosed  areas  will  be  heated  and  air-conditioned,  with  the 
•■xception  of  the  machinery  spaces,  which  will  be  heated  aria  supplied  with 
forced  air  ventilation  only.  The  following  criteria  governed  the  design  of 
the  heating,  air-conditioning,  and  ventilation  system: 


Space 

Auxiliary  Machinery  Space 
Pi  lot  House 
Living  Areas 
Enclosed  Working  Areas 
Gal  ley 

Main  Machinery 


Design  Temperature 

Sea  Water 
Outside  Air 


Cool i ng 

( Max i mum  Temperature ) 


80° 

F 

db,  68.2° 

F 

wb 

80° 

F 

db,  68.2° 

F 

wb 

80° 

F 

db,  68.2° 

F 

wb 

8U° 

F 

db,  68.2° 

F 

wb 

105° 

F 

Cool i ng 

85°  F 

90°  F  db,  81°  F  wb 


Heating 

(Minimum  Temperature] 

40°  F 

6S°  F 
65°  F 
65°  F 
50°  F 
40°  F 


Heating 

28°  F 
10°  F 


The  heating/cooling  system  is  a  reverse  cycle  system  with  units  designed 
for  mounting  in  recessed  or  remote  enclosures  (e.g.,  cabinets,  voids  or 
beneath  bunks)  and  ducted  to  provide  the  entering  air  at  the  optimum 
locations.  The  quantity  of  replenishment  air  for  air-conditioned  spaces  is  5 
cfn  per  person. 


The  ventilation  system  has  a  mechanical  air  supply  arid  natural  exhaust  for 
11  machinery  spaces  and  all  other  spaces  requiring  removal  of  any  large 
eternal  heat  gain.  The  ventilation  system  for  the  galley  has  both  median ioal 
apply  and  exhaust. 


A  defroster  system  is  to  oe  provided  tor  tile  pilot  house  windows.  The 
is  designed  to  remove  moisture  or  frost  from  tiie  windows  with  heaters, 
Ujct'ng,  controllable  louvers  and  dumpers  to  distribute  Heated  air' 
,i"-r"  if  is  Medi-d  on  the  windows. 


boll  Stall  i  1  izat  i  on 


■vi ■  1  |  staoi  I  ization  wi  1 1  oe  provided  by  four  hydrau ]  ical  ly  operated  trim 
tabs  located  just  forward  of  the  propellers,  approximately  10  feet  forward  of 
flu-  transom,  with  two  on  the  port  side  and  two  on  tne  starDoara.  Hydraul  ic 
power  will  be  provided  by  four  se  1  f-conta ined  power  packs  actuatiny  hydraulic 
cylinders  attached  to  trie  tabs.  In  addition  to  roll  staui  1  ization,  trie  tabs 
will  provide  a  means  of  controlling  the  running  trim  at  high  speeds,  arid  to 
remove  small  lists  encountered  during  unusual  loading  conditions. 

Sanitation  System 

The  sanitation  system  will  consist  of  a  vacuum  collection  system  such  as 
the  commercially  available  Mansfield  or  EVAK  products.  These  systems  both 
collect  wastes  during  the  flush  action  and  force  tnem  into  a  small  noldiny 
tank  with  the  use  of  air  instead  of  water.  This  allows  for  a  smaller  tank 
tli an  that  required  for  water  flush  systems.  Sanitation  drainage  piping  and  an 
additional  holding  tank  would  be  necessary  for  tne  waste  water  generated 
during  battling,  cooking,  etc. 

Potable  Water  System 

The  potable  water  system  will  consist  of  a  fresh  water  tank,  distribution 
piping,  pumps,  heaters  and  a  desalinization  system.  The  tank  will  be  supplied 
with  fresh  water  from  snoreside  facilities  by  a  main  decK  connection  arid  fill 
and  vent  piping,  and  by  a  reverse  osmosis  desalinator  when  required.  The  tan-, 
will  store  1500  gallons  of  fresh  water.  Distribution  will  be  provided  by  main 
and  branch  piping  and  two  pumps  located  outboard  in  the  diesel  generator'  rooms. 

Hot  water  will  De  supplied  oy  two  100  gallon  quick  recovery  heaters,  while 
additional  or  extremely  hot  water  requirements  will  be  met  by  local  boost 

neaters. 

Fuel  by stem 

Fne  craft's  fuel  system  will  be  capable  of  receiving  up  to  30  tons  of  fuel 
fo.ii  dockside  or  another  cutter,  storing  the  fuel,  transferring  tne  fuel 
between  tanks  and  supplying  the  day  tanks  whicn  in  turn  will  supply  the  diesel 

eng i  ne s . 

i  ire  I  receipt  will  be  accomplished  by  a  a  inch  main  on  each  side  of  the 
craft  feeding  each  tank  through  risers.  A  l  1/3  incn  tank  vent  will  be 
provided  mii  either  side  to  allow  for  venting. 

■\  settling  tank  with  a  stripping  and  filter  system  to  remove  impurities 
*  f.  .a.  tne  fuel  prior  to  transfer  to  tn.;  day  tank  will  .nr  supplied  between  file 
".a  i  r.  fuel  tank  s  and  the  uay  tanks. 

fr  ;n:,t  er  >yste;;  consisting  uf  pumps,  piping  ana  man  i  folds  will  be 
'.nsi  tl  led  between  a  1  I  tanks  to  allow  *v«iuy  transfer  uf  fuel  as  required  under 
ill  C  me  a  is  taut,  es . 


a  < 


Steering  System 


< 


Si 


fl 


Hie  steering  system  consists  ut  an  e  I  ectr  i  c-nyurau  1  i  c  system  contru  i  iecJ 
from  the  pilot  house.  The  system  will  also  be  controllable  from  an  auxiliary 
steering  station  on  each  of  tne  bridge  wings  using  duplicate  electric 

controls,  and  also  by  using  a  Manually  operated  standby  Hydraulic  pump. 

Fire  Protection 

Active  fire  protection  is  provided  by  ext ingui suing  systems  installed 

throughout  the  craft,  using  HALUN,  COz,  PkP  and  water  as  required.  See 
Table' 4. 

Portable  15  pound  CUb  and  bo  pound  PKP  extinguishers  will  oe  located 
ttiroughout  the  craft  for  fighting  small,  localized  fires.  cOd  is  used  in 
areas  of  probable  e lectrica 1/e lectronic  fires  and  PKP  in  areas  of  probable 
petroleum  based  fires. 

’wo  motor  driven  ti remain  pumps  will  oe  provided  for  tne  sprinkler 

system.  In  addition,  two  portable  Pi? SO  pumps  will  be  located  in  a  space  above 

the  i  Min  dock. 

Passive  fire  protection  will  oe  accomplished  by  treatment  of  selected 
bulkhead/  deck  structures  with  fire  resistant  insulation  material. 

lowing 

A  towing  bitt  and  rail  nas  octal  provided  fur  use  witn  a  braided  synthetic 
towing  nawser.  There  is  stowage  space  allocated  for  a  hawser  reel  in  the 
iuzarette.  From  this  space,  tne  hawser  can  be  easily  brought  on  deck  through 
the  hatch  in  the  aft  main  decs. 

The  bollard  pull  of  the  craft  is  estimated  to  be  -tu,0<Ju  pounds,  which  is 
sufficient  to  tow  a  vessel  of  uDO  tons  displacement  in  moderate  sea  ana  wind 
conditions.  Maneuveraoi 1  ity  should  oe  adequate  with  tne  craft's  twin  rudders 
and  propellers  and  the  forward  location  of  the  towing  bitt. 

boat  handling 

o  •  1  si  ul  I  coat  ana  an  Alii  c-u  r.r.ucx  le  boom  cram*  nave  aeon  fitted  aft  on 
■  •  -a  in  deck.  Ihe  specified  cr.me  ,  .  .  j  1 1  i  i  •  ......  •.  in  ;• 

•  I  •  .  ’  •!  1  I  '  -I  f  ■  I i  *  '  I  .  ■  r  'I'M  lie  .  ’  .  -  '  ! 


Table  4.  Fire  Protection  Systems 


TYPE  OF  SPACE 

AGENT 

TYPE  OF  SYSTEM 

Machinery  (main  propulsion) 

HALON  * 

Automat i c-Optical 
anu  Tnermal  Sensors 

Machinery  (generator  room) 

HALO N  * 

Automatic-Optical 

Sensors 

Flammable  Liquid  Storeroom 

HALON  * 

Automatic-Optical 

Sensors 

Electronic  and  Electrical 

C02 

Manual -Hand  Held 

Crew  Living 

COP  and  H20 

Fi remain,  Manual- 
Hand  Held 

Main  Deck 

h2o 

Fi remain 

Gal  ley 

PKP/C02 

Hand  Held 

Ammo  Stowage 

halon/h2o 

Automatic-Optical 
and  Thermal  Sensors 
Sprinkler-Fi remain 

Misc.  Stowages 

PKP/C02 

Hand  Held 

Fuel  Line  Trunks 

HALON 

Automatic-Optical 

*  Will  also  contain  hand  held  extinguishers. 


OUTFIT,  FURNISHINGS  AND  ARRANGEMENT 


The  craft  has  been  designed  to  accommodate  standard  Navy  and  coast  board 
furnishings  throughout.  The  general  arrangement  is  shown  in  Figure  l.j,  auo 
the  major  features  are  discussed  below. 

Commissary  Spaces 

The  commissary  spaces  consist  of  the  galley  and  messi oom  located  on  tne 
main  deck  in  the  aft  portion  of  the  deckhouse  ar.u  the  galley  storeroom  located 
just  forward  of  this  area  to  port.  The  equipment  that  is  to  oe  provided 
includes : 

Range 

Oven 

Microwave  Oven 
Ref rigerator /Freezer 
Coffee  Maker 
Sink 

Rangehood  w/Blower  and  Fire  Supression  System 

Cabinets 

Di shwasher 

Seats  and  Mess  Tables 
Berthing  and  Washrooms 

The  berthing  spaces  and  washrooms  in  the  craft  are  located  as  follows: 

Crew  -  located  on  the  first  platform  between  frames  8  and  15,  in  three  A 
member  compartments.  Each  compartment  has  a  full  height  locker,  a  B-E  locker 
and  a  berth  with  stowage  under  the  mattress  for  each  occupant.  Berthing  is 
two  high  throughout.  There  are  three  separate  washrooms  adjacent  to  the 
berthing  compartments,  each  fitted  with  a  water  closet,  lavatory  and  shower. 

CPO  -  located  on  the  first  platform  between  frames  Id  and  lb  on  tr,-. 
starboard  side,  with  a  head  on  centerline.  The  compartment  is  equipped  with  a 
secretary/bureau  and  a  berth  with  a  locker  under  tne  mattress  for  each  CPU. 
The  washroom  is  equipped  with  a  shower,  water  closet  and  lavatory. 

Officer  -  located  on  the  main  deck,  in  the  forward  portion  of  the  deux 
house,  in  two  single  person  compartments  with  a  shared  head.  Each  compartment 
has  a  berth  with  a  locker  under  the  mattress,  a  secretary/bureau,  and  a 
clothes  closet.  The  CO's  cabin  has  a  security  safe.  The  washroom  is  equippeu 
with  a  water  closet  and  shower  and  eacti  cabin  has  its  own  lavatory. 

Spares  -  located  on  the  main  deck  to  starboard.  The  caoin  is  fitted  with 
a  berth  with  a  locker  under  the  mattress  for  each  occupant. 

II  lamination 

Illumination  in  the  living  and  working  areas  of  the  craft  will  be  provided 
for  by  overhead  mounted  watertight  flourescent  fixtures  and  overheaa  mounted 
watertight  incandescent  red  light  fixtures  for  darkened  stiip  conditions. 


INCREASED  AND  DECREASED  SPEED  STUDY 


Estimates  have  been  made  of  the  principal  character i st ics  of  two  patrol 
boats,  siiniliar  to  the  120'  WPBX  described,  but  with  design  speeds  of  40  and 
30  Knots  respectively.  All  other  aspects  of  the  mission  requirements  remained 
the  same.  It  should  be  remembered  that  a  full  study  nas  not  been  cone  fur 
these  craft,  so  tne  information  provided  below  should  oe  viewed  as  a  first 
estimate  only.  It  is  anticipated  that  if  these  designs  were  developed,  the 
numbers  quoted  could  change  by  up  to  10%. 

It  was  found  that  a  craft  of  120  foot  length,  23  foot  beam  and  129  ton 

I  i  sp  1  aceiaent  would  ue  capable  of  meeting  tne  mission  requirements  with  a  oil 
knot  cruise  speed.  For  a  40  Knot  cruise  speed,  a  length  of  iJu  feet,  a  ,4 
fe.it  beam,  and  ]/U  ton  displacement  craft  was  found  necessary. 

Toole  gives  the  estimated  weights  for  groups  1  tnrougn  u  for  tne  two 

c: t,  along  with  those  for  tne  base’  me  cutter,  table  6  shows  the  design  md 

u '’u iso  DbP  and  fuel  consumption  for  the  tnree  designs.  bHP  vs.  speed  and  t ue I 

v-.  1 1 1  * amp 1 1 ■.’*! ■  vs.  speed  f ot  *.ne  30  Knot  craft  art;  ^nown  in  I  iqut'es  .4  anu  j 
ipect  i  e. ly .  Figures  do  and  27  show  the  same  for  the  40  knot  craft. 


Table  6.  Group  Weights  for  Different  Speed  Craft 


Weight,  tons 


Weight  up 

30  kt  craft 

40  kt  craft 

35  kt  craft 

i 

3  b.  0 

41.7 

36.3 

30.4 

42.3 

26.0 

a 

b.4 

7.3 

0 . 5 

pi 

3.0 

2.0 

2.0 

o.4 

9.7 

8.6 

r  * 

13.3 

15.2 

13.6 

3.5 

2.5 

2.5 

f. 

•  .  •  .  ; 

o  H .  OU 

120.6 

95.1 

• 

fable 

o.  BHP  and  Fuel 

Consumption 

Cm 

•  •  BHP 

Design 

Fuel 

Consumption 
Design 
yal /hr 

BHP 

10  kts 

Fuel 

Consumption 
10  knots 
yal /hr 

'  ■  .  e,.t  4943 

214.4 

244 

17.2 

.  •  v.t  11503 

435.9 

291 

23.2 

if* 

-r.it  1)9  O  1 

305.7 

247 

19.5 

4  b 


BRAKEHORSEPOWER  , 


FUEL  CONSUMPTION,  gal/ hr 


BRAKEHORSE  POWER, 


FUEL  CONSUMPTION  vs.  SPEED 

40  kt  WPBX 


0NCLUS10NS 


craft  presentee  in  tins  feasibility  study  is  capable  of  performing 
primary  and  secondary  missions  as  set  forth  by  the  boast  buard.  This 
■,  thi*  required  high  speed  for  interception,  good  ride  quality  and  low 
lien  characteristics  in  nigh  sea  states,  can  carry,  although  with  some 
top  speed,  equipment  for  aids  to  navigation  work  or  pollution  response. 

;panson  between  the  120'  WPBX  and  the  design  guidelines  follows: 


.il.SIuR  bUIDLLlilE 

120'  WPBX 

5.4  m  RIB  w/ crane 

Provided 

Towing  Bitt  and  Line 

Provi ded 

Small  Arms  Locker 

Provided 

Clear  Area  Aft 

980  sq.  ft.  1 

Jro vi ded 

30  knots,  SS2 

32.5  knots 

25  knots,  SS3 

32  knots 

20  knots,  SS4 

31.5  knots 

35  knot  dash 

36.1  knots 

Survive  SS6 

Provided 

24  hrs  at  30  knots 

Provi ded 

96  hrs  at  10  knots 

136  Hours 

10%  reserves 

Provi ded 

2  Officers 

Arrangements 

Provided 

2  Cl  0s 

Arrangements 

Provi ded 

12  Enlisted 

Arrangements 

Provided 

Roll  Stabilization 

Provi ded 

USN  Stabi 1 i ty  Criteria 

Provided 

